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MATERIALS AND METHODS C. immitis strain Mll was used in this investigation. Experimental cultures were incubated for 72 hr at 34 C on a reciprocating shaker (operating through a 412 in stroke at 96 excursions per min) in a liquid basal medium composed of ammonium acetate, 0.016 M; glucose, 0.022 M; KH2PO4, 0.003 M; K2HPO4, 0.003 M; MgSO4-7H20, 0.0016 M; and ZnSO4-7H20, 1.24 X 10-5 M, with a final pH of 6.3 after autoclaving. Fifty ml of medium in 250-ml Erlenmeyer flasks were inoculated with 1 X 107 arthrospores. The flasks were closed with cotton-packed modified thistle tubes inserted through rubber stoppers. The inoculum was prepared by transferring arthrospores from a stock agar slant to a liquid synthetic medium (Basal no. 2 of Roessler et al., 1946; with 4 ppm Zn+ as ZnSO4) and incubating for 14 days under similar conditions. This culture was stored at 5 C and discarded after 1 month.
Spherule yields were determined by microscopic examination of wet mounts stained with lacto-phenol-blue. The degree of spherulation and total growth was estimated visually for each culture and assigned an arbitrary number on a scale ranging from 0 to 8. Endospore cultures were filtered by gravity through 6 layers of surgical gauze to remove trace amounts of hyphae. The endospore yields were measured by viable counts, using the pourplate technique with a plating medium composed of peptone, 1 per cent; glucose, 2 per cent; yeast autolysate, (yeast-75, Vico Products Company) 0.1 per cent; and agar, 2 per cent; adjusted to a final pH of 6.9 to 7.2. Plates were incubated for 48 hr at 34 C, and an additional 16 hr at 25 C, before counting.
Gas mixtures used for the determination of the oxygen and carbon dioxide requirements were prepared according to Umbreit et al. (1957) , using commercial gases of known purity. Analyses of the composition and utilization of gas mixtures during growth were performed with the Orsat gas analyzer. The growth containers for these experiments were 1-L glass reagent bottles closed with rubber stoppers through which two 13-gauge hypodermic needles, one 2 in and the other 6 in in length, had been inserted. The growth containers were flushed with the experimental gas mixtures after which both needles were sealed by attaching short lengths of rubber tubing clamped at the free end.
RESULTS
The following factors were examined to determine their effect on growth and spherulation in the basal medium.
Concentration of total solids in the medium. It was previously reported that varying the total solids of the basal medium from 3.36 to 0.34 per cent resulted in a progressive increase in spherule yield, paralleled by a decrease in total growth of the cultures (Converse, 1956 Lubarsky and Plunkett (1955) demonstrated the favorable effects of increased amounts of carbon dioxide on the growth of the parasitic phase of C. immitis in the presence of serum and chick embryo extract. In addition to the preceding observations, the increased spherulation of C. immitis, obtained upon the addition of sodium bicarbonate to the defined basal medium, and the effect of aeration of cultures during growth suggested that carbon dioxide might be required for the development of the parasitic phase in defined medium. Preliminary experiments, using 1-L growth containers with 50 ml of the basal medium per container revealed equivalent growth in both sealed and unsealed air controls. Growth also occurred in atmospheres of 100 per cent oxygen or nitrogen, but not in 100 per cent carbon dioxide. It was determined later that the commercial nitrogen used in these experiments was contaminated with 0.5 per cent oxygen.
The requirement for oxygen was established by incubating cultures in sealed containers under atmospheres containing the varied concentrations of oxygen and nitrogen as shown in table 1. Optimal growth was obtained with 5 and 10 per cent oxygen and optimal spherulation with 20 per cent; however, only 1 to 2 per cent of the oxygen was consumed in each container during the 72-hr growth period. The optimal carbon dioxide level for spherulation was determined in a similar manner. The oxygen level was kept constant at 20 per cent, and the carbon dioxide concentration varied as indicated in table 1. The highest level of growth was obtained with atmospheres containing 20 per cent carbon dioxide or less. Spherulation, which was inhibited at a CO2 concentration greater than 10 per cent, also occurred in the absence of added C02.
It was noted further that the initial pH of the medium decreased when increased concentrations of carbon dioxide were used to flush the containers. These experiments were repeated under conditions of controlled hydrogen ion concentration with similar results, thus indicating that alterations in growth and spherulation resulted from the presence of the carbon dioxide and not from variations in the initial pH of the media.
Fatty acids. Observations in this laboratory and those reported by Conant and Vogle (1954) have shown that Tween 80, an ester of oleic acid, stimulated in vitro the conversion of the saprophytic to the parasitic phase of C. immitis thus suggesting that fatty acids may play a role in the phasic differentiation of C. immitis. The effects of various saturated and unsaturated fatty acids, with carbon chain lengths ranging from 6 to 26 added to the basal medium, were examined. Stearic and palmitic acids at 0.1 and 0.01 per cent levels, and oleic and myristic acids at the 0.005 per cent level stimulated growth. A marked stimulation of spherule formation was noted in cultures containing oleic and linoleic acids at the 0.001 per cent level. The addition of stearic, palmitic, cerotic, or arachidic acids resulted in the formation of very large spherules, the majority of which were abortive (maturation of endospores incomplete). Lauric acid was toxic for C. immitis in concentrations as low as 0.001 per cent.
Sulfur compounds. Investigations on dimorphism in various pathogenic fungi (Salvin, 1949b) indicated that sulfides or sulfhydryl compounds were essential for the growth of the yeast phase of H. capsulatum in a chemically defined medium. The growth and spherulation of C. immitis were investigated in basal medium supplemented with the sulfur compounds that are listed in Surface active compounds. Representative types of anionic, cationic, and nonionic surface active agents were investigated. As previously reported (Converse, 1957) , Tamol "N" was most effective in stimulating growth, spherulation, and rupture of the spherule walls, with subsequent dispersion of endospores. Continued experiments have indicated that the level of Tamol "N" which was most effective in increasing endospore yield did not result in the highest conversion of arthrospores to spherules. In an attempt to increase the endospore yield, Tamol "N" (1.0 and 0.1 per cent concentrations) was tested in chemically defined media with the total solids content varying from 3.36 to 0.34 per cent as indicated in figure 2. After 72 hr incubation total viability (mycelium and endospore) of the cultures was determined. The cultures then were filtered through gauze and viable counts of the resulting suspensions determined. Microscopic examinations of these suspensions showed approximately 100 per cent endospores (figure lc). In every case, the higher level of Tamol "N" resulted in a higher endospore count. The lower concentration of Tamol "N" generally resulted in a higher percentage of endospores. The highest endospore yield (290 x 105 endospores per ml) was obtained in the medium containing 1.34 per cent total solids and 1.0 per cent Tamol "N," with 52 per cent conversion to the parasitic growth phase. On the other hand, 100 per cent conversion to the parasitic growth phase was obtained in media having 0.67 and 0.34 per cent total solids, but with lower endospore yields (180 and 116 x 105 per ml, respectively).
A combination of Tamol "N" (0.05 per cent) and sodium fluoride (0.008 M) in the medium stimulated spherule formation but inhibited spherule rupture, resulting in suspensions of intact spherules (figure lf). Furthermore, the total growth was consistently higher with the combination of compounds than with either compound alone.
The anionic surface active compounds, (Baker and Braude, 1956 ). These abortive spherules have been noted in this laboratory on numerous occasions, ( figure 3a, b) . Observations on spherule development indicate that endospores may be formed by a gathering and thickening of the cytoplasm around the periphery of the wall of the developing spherule until the spherule is filled with endospores. Interruption of this maturation process results in large thick-walled spherule-like structures (figure 3a). Figure 3b shows the degeneration or shrinking of the cytoplasm away from the spherule wall, following an interruption of the maturation process. On the assumption that this interruption might result from a nutritional deficiency, cultures containing abortive spherules (figure 3b) were supplemented with additional glucose and ammonium acetate during the growth period and observed microscopically after further incubation. It was noted that the normal development continued after supplementation of the cultures (figure 3c), followed by maturation 48 hr later (figure 3d), with spherule rupture and the discharge of endospores into the medium. The abortive spherules in unsupplemented control cultures did not change in appearance. (Converse, 1956 ) that if spherulation does not occur within 48 to 72 hr after inoculation, conversion will not take place. Levine and Ordal (1946) and Salvin (1949a) found that the conversion in vitro of the mycelial to the yeast phase (or parasitic form) in Blastomyces braziliensis and B. dermatitidis was independent of nutritional factors, and was governed by temperature alone. The yeast phase developed at 37 C and reverted to the mycelial phase at 25 C. This conversion was attributed by Nickerson (1951) to the failure of the cells grown at 25 C to maintain the yeast-phase cellular division rate, thus resulting in cells morphologically different in length and size. Although increased temperature induced spherulation in C. immitis (Converse, 1956) , it was not the only factor influencing phasic development in this organism. Salvin (1949b) also reported that conversion of the mycelial phase to the yeast phase of H.
